ϩ (BK) channel activity is greater in basilar artery smooth muscle cells (SMCs) of the fetus than the adult, and this increased activity is associated with a lower BK channel Ca 2ϩ set point (Ca0). Associated PKG activity is three times greater in BK channels from fetal than adult myocytes, whereas associated PKA activity is three times greater in channels from adult than fetal myocytes. We hypothesized that the change in Ca 0 during development results from different levels of channel phosphorylation. In inside-out membrane patch preparations of basilar artery SMCs from adult and fetal sheep, we measured BK channel activity in four states of phosphorylation: native, dephosphorylated, PKA phosphorylated, and PKG phosphorylated. BK channels from adult and fetus exhibited similar voltageactivation curves, Ca 0 values, and Ca 2ϩ dissociation constants (Kd) for the dephosphorylated, PKA phosphorylated, and PKG phosphorylated states. However, voltage-activation curves of native fetal BK channels shifted significantly to the left of those of the adult, with Ca0 and Kd values half those of the adult. For the two age groups at each of the phosphorylation states, Ca0 and Kd produced linear relations when plotted against voltage at half-maximal channel activation. We conclude that the Ca0 and Kd values of the BK channel can be modulated by differential channel phosphorylation. Lower Ca0 and Kd values in BK channels of fetal myocytes can be explained by a greater extent of channel phosphorylation of fetal than adult myocytes.
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We and others have reported significant developmental differences related to the regulation of cerebral vascular smooth muscle tone. These include differences in K ϩ channel expression (35) , K ϩ channel activity (18, 23) , resting membrane potential (10) , intracellular Ca 2ϩ regulation (5, 24) , sensitivity of contraction to [Ca 2ϩ ] i (1, 12, 25) , and others (26, 32) . In the ovine fetal middle cerebral artery, contraction depends almost completely on the influx of extracellular Ca 2ϩ , whereas contraction in adult myocytes relies more on Ca 2ϩ release from intracellular Ca 2ϩ stores, including the inositol 1,4,5-trisphosphate-releasable and ryanodine-sensitive stores (1, 24, 27) .
On the basis of these findings, the developmental differences in vascular SMC activity may be a function of differential regulation of plasma membrane potential. BK channels respond to [Ca 2ϩ ] i in the micromolar range (15, 18, 33) . However, in intact SMCs, global [Ca 2ϩ ] i is in the submicromolar range and appears to resist increase to micromolar concentrations (38) largely because of Ca 2ϩ sequestration and buffering (27) . Moreover, BK channel activity is modulated by localized and transient Ca 2ϩ elevations originating from ryanodine receptor-regulated intracellular stores (e.g., Ca 2ϩ sparks) (34) and from activated L-type Ca 2ϩ channels (9) . Basilar artery SMCs exhibit much lower Ca 2ϩ spark activity in the neonatal than the adult rat (13) . This lowered spark activity in the neonate may be due to nonaggregation of ryanodine receptors and consequential unsynchronized Ca 2ϩ release from the ryanodine-sensitive stores. Indeed, mature and immature arterial SMCs may rely on different intracellular Ca 2ϩ stores (27) . Recently, we showed that the BK channels in fetal SMCs have a lower Ca 0 and, as a consequence, are more active than those in adult SMCs at a given [Ca 2ϩ ] i (18) . Furthermore, SMC BK channels of the two age groups appear to be phosphorylated to different extents (19) . These findings extend our previous observation that the BK channel Ca 0 differs significantly with maturational age and suggest a biochemical mechanism for this difference. Additionally, the functional stoichi-ometry of the channel-associated phosphatases and kinases differs substantially between the two age groups (19) . In view of these findings, we tested the hypothesis that the age-related increase in Ca 0 of BK channels from adult SMCs results from the decreased phosphorylation of these channels.
METHODS
Experimental animals. Basilar arteries from near-term fetal (ϳ140 days) and nonpregnant adult (Յ2-yr-old) female sheep were obtained from Nebeker Ranch (Lancaster, CA). All surgical and experimental procedures were performed in accordance with the Animal Welfare Act, the National Institutes of Health "Guide for the Care and Use of Laboratory Animals," "Guiding Principles in the Care and use of Animals" approved by the Council of the American Physiological Society, and the Animal Care and Use Committee of Loma Linda University.
Vascular SMC isolation. We enzymatically dissociated SMCs from dissected basilar arteries, as previously described (18) . Briefly, basilar arteries from adult (200 to 400 m diameter) and fetus (150 to 200 m diameter) were cut into 1-mm 2 pieces and placed in HEPESbuffered solution containing 0.3 mg/ml papain (Worthington Biochemical, Lakewood, NJ) and 1 mg/ml dithioerythritol for 20 min at 37°C. The tissues were incubated in HEPES-buffered solution containing 100 M CaCl 2, 0.6 mg/ml collagenase type F, and 0.3 mg/ml collagenase type H (Sigma Blend Collagenase, Sigma, St. Louis, MO) and again for 15 min at 37°C. Enzyme solutions also contained 1 mg/ml BSA to minimize effects on the cells. The digested tissues were triturated with a fire-polished siliconized (Sigmacote, Sigma) glass Pasteur pipette to yield intact, dissociated SMCs. The cells were kept on ice and used within 6 h.
Coverslips containing adherent vascular SMCs were mounted in a perfusion chamber containing HEPES-buffered solution on the stage of an inverted microscope (Axiovert 35M, Carl Zeiss, Thornwood, NY), where they were kept for 15 min while they were viewed and verified to have characteristic elongated shapes with axial ratios of ϳ10:1 for adult and 5:1 for fetal myocytes. The HEPES-buffered solution was then exchanged for the bath solution.
Whole cell current recordings. Using an Axopatch 200B amplifier (Axon Instruments, Foster City, CA) and methods previously described (18), we obtained perforated whole cell preparations. Resting membrane potentials were recorded with Clampex 8 (Axon Instruments) in current-clamp mode. A programmable Flaming-Brown pipette puller and standard fire-polishing procedures were used to fabricate patch pipettes from borosilicate (Sutter Instrument, Novato, CA) glass capillary tubing (10 cm long, 1.5 mm OD, and 1.17 mm ID). The pipette resistance for the macroscopic recording was ϳ2-3 M⍀. Data were filtered at 1 kHz using an Axopatch 200B internal four-pole low-pass Bessel filter and digitized at 5 kHz. An agar-salt bridge was used to minimize the junction potential differences between the solutions.
Macroscopic recording. Macroscopic currents were recorded from excised, inside-out membrane patch preparations of vascular SMCs with Clampex 8, as previously described (19) . The pipettes used for macropatch studies were the same as those used in whole cell recordings. Data from recorded currents were filtered at 1 kHz using an Axopatch 200B internal four-pole low-pass Bessel filter and digitized at 5 kHz.
For macropatch studies, the recording protocols differed depending on the Ca 2ϩ concentration of the bath solution. For 3 ϫ 10 Ϫ7 and 10 Ϫ6 M Ca 2ϩ , we held the voltage of the patch preparation at 0 mV and applied a series of ϩ10-mV depolarization steps from Ϫ50 to ϩ150 mV. For 3 ϫ 10 Ϫ6 M Ca 2ϩ , we held the patch preparation at 0 mV and applied a series of ϩ10-mV depolarization steps from Ϫ100 to ϩ100 mV. For 10 Ϫ5 and 3 ϫ 10 Ϫ5 M Ca 2ϩ , we held the patch preparation at Ϫ50 mV and applied a series of ϩ10-mV depolarization steps from Ϫ150 to ϩ50 mV. All voltage pulses were applied for 500 ms at 5-s intervals.
Conductance (G) values, defined as G ϭ I/V m (where I is current and Vm is membrane potential), were normalized for each experiment by dividing G values by Gmax, where Gmax is defined as the largest G value obtained in each experiment. BK channel activity was expressed as relative conductance, i.e., G/G max. Voltage-conductance curves of G/Gmax vs. voltage were fitted with a form of the Boltzmann equation:
Ϫ1 , where V0.5 is the membrane potential required for half-maximal activation of the channels and K is the logarithmic voltage sensitivity (i.e., ⌬V required for an e-fold increase in activity), as previously described (19) .
To study the effect of phosphorylation on the modulation of BK channel activity, we operationally defined four phosphorylation states of the BK channels: 1) the native state, i.e., the phosphorylation state of the channel best representing physiological phosphorylation, 2) the dephosphorylated state, i.e., the channel maximally dephosphorylated by exogenously applied alkaline phosphatase, 3) the PKA phosphorylation state, i.e., the channel maximally phosphorylated by the exogenous catalytic subunit of PKA (PKAc) after alkaline phosphatase dephosphorylation, and 4) the PKG phosphorylation state, i.e., the channel maximally phosphorylated by exogenous PKG after dephosphorylation as described above.
Chemical reagents and solutions. Papain was obtained from Worthington Biochemical (Lakewood, NJ); Ca 2ϩ standard kits 2 and 3, fura 2, and fura 6 from Molecular Probes (Eugene, OR); and purified PKG, KT-5720, KT-5823, and okadaic acid from Calbio- Data analysis and statistics. Values are means Ϯ SE. In all cases, n refers to the number of replicate samples. Statistical comparisons were performed at the 95% confidence level using two-sample, unpaired Student's t-tests or ANOVA. We verified that all sample populations were distributed normally. Curve fitting was performed with Prism 4 (GraphPad Software, San Diego, CA).
RESULTS
Ca 0 in the native state. To study the effect of phosphorylation on BK channel activity, we defined four phosphorylation states (see METHODS). For the native state, we determined the BK channel voltage-activation relations at different Ca 2ϩ concentrations immediately after patch excision. Representative macropatch recordings of BK channels from adult and fetal myocytes are shown in Fig. 1, A and B . BK channel voltage sensitivities appeared similar at all tested Ca 2ϩ concentrations for adult (Fig. 1C) and fetal (Fig. 1D ) SMCs. Channel activity increased e-fold for a 24.8 Ϯ 1.4 mV depolarization for adult (n ϭ 5) and a 25.4 Ϯ 1.0 mV depolarization for fetal (n ϭ 5) myocytes, and the slopes of the fitted curves were 13.7 Ϯ 0.8 for adult and 14.4 Ϯ 0.5 for fetal myocytes (n ϭ 5 each concentration yielded linear and parallel relations for adult and fetal myocytes (Fig. 1E) . The parameters for these linear fits are shown in Table 2 . From the equations of the fitted lines, we estimated that ⌬V 0.5 or "Ca 2ϩ sensitivity" of the BK channels ([Ca 2ϩ ] i , M i.e., change in V 0.5 for a 10-fold change in Ca 2ϩ concentration) did not change significantly (n ϭ 4 for adult and fetus; Table 2 ). Ca 0 , defined as the Ca 2ϩ concentration required for half-maximal activation at 0 mV, was 10.9 and 5.7 M for adult and fetus, respectively.
For native state BK channels from adult SMCs, the mean apparent K d for Ca 2ϩ at ϩ20 mV was 5.51 Ϯ 0.41 M, with a Hill coefficient (n H ) of 1.71 Ϯ 0.18 (Fig. 1F) . In contrast, for channels from fetal SMCs, the mean apparent K d for Ca 2ϩ at ϩ20 mV decreased by a factor of ϳ2 and was 2.27 Ϯ 0.24 M, and n H did not change significantly (1.99 Ϯ 0.36; Fig.  1F ). At 0 mV, K d values averaged 11.61 Ϯ 0.69 and 5.18 Ϯ 0.49 M for adult and fetal SMCs, respectively, and n H values were 2.64 ϩ 0.47 and 1.80 ϩ 0.44, respectively (Table 3) . ) on BK channel. Membrane potential required for half-maximal channel activation (V0.5), Ca 2ϩ sensitivity (i.e., slope), and Ca0 (i.e., x-intercept) were determined for adult and fetal myocyte BK channels. V0.5 values were obtained from data in C and D. Lines are linear regression fits to data (see Table  2 for linear fit parameters). F: effects of 0.1-100 M free Ca 2ϩ on mean BK channel activity at ϩ20 mV from adult and fetal myocytes. Data were obtained from C and D. Solid lines, best-fit curves to Hill equation:
, where nH is Hill coefficient (see Table 3 for nH and Kd values). Ca 0 in the dephosphorylated state. To determine the effect of BK channel dephosphorylation on Ca 0 , alkaline phosphatase (350 U/ml) was added to the bath (i.e., cytosolic side) for 10 min to maximally shift the voltage-activation curves to the right, as previously described (19) . Representative recordings of alkaline phosphatase-treated adult and fetal macropatch preparations are shown in Fig. 2, A and B . This treatment rightward shifted the BK channel voltage-activation curves from adult and fetal SMCs by 21.0 Ϯ 5.4 mV (n ϭ 5) and 36.5 Ϯ 3.9 mV (n ϭ 5), respectively (P Ͻ 0.05; Fig. 2, C and  D) . Although the extent of the rightward shift was significantly greater in the fetus, the final V 0.5 values did not differ significantly between adult and fetal SMCs ( Table 1 ). The Ca 2ϩ sensitivities (⌬V 0.5 values) of dephosphorylated BK channels did not differ significantly between the two age groups (Fig.  2E, Table 2 ).
In the fully dephosphorylated state, the Ca 0 values for adult and fetal BK channels were not significantly different (Fig. 2E , Table 2 ). For dephosphorylated BK channels from adult and fetal SMCs, the mean apparent K d for Ca 2ϩ at ϩ20 mV also did not differ significantly ( Fig. 1F; Table 3 ). We could not accurately calculate K d and n H values at 0 mV for BK channels, because the current-voltage relations of the channels of the adult and fetus had shifted too far to the right (Fig. 2, C and D) .
Ca 0 in the PKA state. PKAc was used to determine the extent to which phosphorylation by PKA affects Ca 0 . Using alkaline phosphatase (350 U/ml for 10 min), we maximally dephosphorylated the channels in macropatch preparations.
Then, after exchanging the bath solution to remove alkaline phosphatase activity, we added the selective PKG inhibitor KT-5823 (10 Ϫ6 M), okadaic acid (10 Ϫ8 M), Mg 2ϩ -ATP (5 ϫ 10 Ϫ4 M), and PKAc (30 U/ml) to adult and fetal preparations (Fig. 3, A and B) for 10 min. We previously showed that, under these conditions, KT-5823 and okadaic acid inhibit channelassociated PKG and protein phosphatase activities, respectively, and that the voltage-activation curves of the BK channels are maximally leftward shifted by PKAc (19) . Addition of PKAc shifted the channel voltage-activation curves to the left by 63.7 Ϯ 3.3 mV for adult and 54.5 Ϯ 2.8 mV for fetal macropatches (n ϭ 5 each; Fig. 3, C and D) . Extent of the leftward shift, final V 0.5 values, and ⌬V 0.5 values did not differ significantly between adult and fetal macropatches (Table 1) .
Ca 0 values for BK channels in the PKA state of 2.3 M for adult and 2.9 M for fetal myocytes were not significantly different (Fig. 3E, Table 2 ). Similarly, the mean apparent K d values for Ca 2ϩ at ϩ20 mV for adult and fetal BK channels did not differ significantly (Fig. 1F, Table 3 ). At 0 mV, K d values for adult and fetus did not differ significantly but were approximately twice the K d values determined at ϩ20 mV (Table 3) .
Ca 0 in the PKG state. To determine the extent to which PKG phosphorylation influences BK channel Ca 0 , we used commercially purified PKG. In a manner similar to our use of PKAc, we added PKG after BK channel dephosphorylation and subsequent removal of alkaline phosphatase. For adult and fetal macropatch preparations (Fig. 4, A and B) , PKG (2,000 U/ml) was added to the bath solution in the presence of the selective Values (means Ϯ SE) are linear regression fit results from the 4 phosphorylation states (see Table 1 footnote). ⌬V0.5, is Ca 2ϩ sensitivity (i.e., change in V0.5 for a 10-fold change in Ca 2ϩ concentration. PKA inhibitor KT-5720 (3 ϫ 10 Ϫ7 M), okadaic acid (10 Ϫ8 M), Mg 2ϩ -ATP (5 ϫ 10 Ϫ4 M), and cGMP (5 ϫ 10 Ϫ5 M) for 10 min. We previously showed that, under these conditions, KT-5720 inhibits channel-associated PKG activity and that the voltage-activation curves of the BK channels are maximally leftward shifted by PKA (19) . The voltage-activation curves of adult and fetal BK channels were leftward shifted by 51.8 Ϯ 5.6 (n ϭ 5) and 48.2 Ϯ 1.4 mV (n ϭ 5), respectively, by PKG (Fig. 4, C and D) . After maximal PKG phosphorylation, neither the final V 0.5 values for different Ca 2ϩ concentrations nor the ⌬V 0.5 values differed significantly between the two age groups.
Ca 0 values for adult and fetal BK channels were 3.6 M (Fig. 4E, Table 2 ). For BK channels in the PKG state from adult and fetal SMCs at ϩ20 mV, the mean apparent K d for Ca 2ϩ did not differ significantly (Fig. 4F, Table 3 ). At 0 mV, K d values for adult and fetal SMCs did not differ significantly but were approximately twice the K d values at ϩ20 mV (Table 3) . 2 mV for adult and fetus, respectively. If these data from adult and fetus are fitted to the same line, the calculated r 2 value of the best-fitted line is 0.990, indicating that data from adult and fetus coincide. These results strongly suggest that the different Ca 0 values of BK channels from native adult and fetal myocytes, as previously reported (18) and confirmed here (Fig. 1) , result from different extents of channel phosphorylation, possibly due, in part, to differences in the functional ratios of the channel-associated protein kinases and phosphatases (19) .
K d values of BK channels for Ca 2ϩ also differed between phosphorylation states. We plotted the calculated K d values at ϩ20 and 0 mV for each phosphorylation state of adult and fetal SMCs against the corresponding Ca 0 values and found two nonparallel, linear alignments with a common intersection near the origin (Fig. 5B) . The slope of the fitted line at 0 mV was 1.12, indicating that the calculated K d values at 0 mV and the Ca 0 values are close to parity at each of the tested phosphorylation states. The mean Hill coefficients for all phosphoryla- ] on BK channel V0.5. Ca 2ϩ sensitivity and Ca0 were determined for adult and fetal myocyte BK channels as described in Fig. 1E legend (see Table  2 for linear fit parameters). F: effects of 0.1-100 M free Ca 2ϩ on mean BK channel activity at ϩ20 mV in adult and fetal myocytes as described in Fig. 1F legend (see Table 3 for nH and Kd values). tion states from adult and fetal myocytes were 2.03 Ϯ 0.17 and 2.02 Ϯ 0.11 mV, respectively.
Membrane potentials in the native state. In an effort to understand more completely the relation of BK channel activity to membrane potential, using the whole cell current clamp, we measured resting membrane potentials on freshly prepared SMCs. For adult and fetal SMCs, the membrane potentials were Ϫ33.4 Ϯ 2.5 (n ϭ 13) and Ϫ26.1 Ϯ 1.4 mV (n ϭ 17), respectively (P Ͻ 0.05). These values indicate somewhat more depolarization than values reported in other studies, probably because of the liquid junction potential of ϳ12 mV. Adjustment for this junction potential gives Ϫ45.4 Ϯ 1 and Ϫ38.1 Ϯ 3.4 mV for adult and fetal myocytes, respectively. Thus fetal SMCs are depolarized relative to adult myocytes.
DISCUSSION
In vascular smooth muscle, the BK channels play an important role in determining membrane potential, L-type Ca 2ϩ channel activity, and tone (7, 29) . To a great extent, activity of the BK channel is determined by its state of phosphorylation (19, 37) . As shown in the present study, the phosphorylation state of the BK channel modulates the channel's affinity for Ca 2ϩ (i.e., Ca 0 and K d ) without affecting channel Ca 2ϩ sensitivity (i.e., ⌬V 0.5 ). By regulating the channel's affinity for Ca 2ϩ , the channel phosphorylation state determines the concentration range of the channel's response to changes in [Ca 2ϩ ] i . Our present findings indicate that the previously reported lower Ca 0 for BK channels of the fetus than the adult (18) is consistent with the hypothesis that differences in the extent of channel phosphorylation are responsible for differences in BK affinity for Ca 2ϩ between the two age groups. Our findings also demonstrate that Ca 0 and K d are numerically equivalent when the K d values for Ca 2ϩ are calculated at 0 mV. Ca 0 is defined as the Ca 2ϩ concentration that produces half-maximal channel activation at 0 mV (8) . K d for Ca 2ϩ , when calculated from values of relative conductance (G/G max ) or open probabilities (P o ) recorded at 0 mV, is operationally defined as the Ca 2ϩ concentration that produces half-maximal channel activation. Thus Ca 0 and K d measure the affinity of the channel for Ca 2ϩ . The present study shows that differences in the extent of BK channel phosphorylation among the four defined phosphorylation states produce up to a 10-fold, graded change in the affinity of the channel for Ca 2ϩ , as reflected in the values for Ca 0 and K d (Table 2) . However, when the channels from the adult and fetus are manipulated into the same phosphorylation state by exogenous treatment with alkaline phosphatase or PKA or PKG, they exhibit similar Ca 0 and K d values. Thus the phosphorylation state of the channel, and ] on BK channel V0.5. Ca 2ϩ sensitivity and Ca0 were determined for adult and fetal myocyte BK channels as described in Fig. 1E legend (see Table 2 for linear fit parameters). F: effects of 0.1-100 M free Ca 2ϩ on mean BK channel activity at ϩ20 mV from adult and fetal myocytes as described in Fig. 1F legend (see Table 3 (Table 2) . Nonetheless, phosphorylation significantly altered channel activity (V 0.5 ) and Ca 2ϩ affinity (Ca 0 ; Fig. 5A ). The three manipulated phosphorylation states (i.e., dephosphorylated by alkaline phosphatase and phosphorylated by PKA or PKG) exhibit a linear relation between V 0.5 and Ca 0 . The native phosphorylation states from adult and fetal myocytes differ from each other but reside within the best-fit linear regression of this relation, suggesting that the extent of channel phosphorylation elicits a colinear relation between V 0.5 and Ca 0 . This may serve as a convenient tool to study and predict the extent and state of BK channel phosphorylation.
Physiological changes during development. The regulation of cerebral artery BK channel activity changes during development. Iberiotoxin, a selective BK channel inhibitor, produced a significant increase in [Ca 2ϩ ] i and in tension responses of adult and fetal midcerebral arteries (23, 41) . Although the increase in tension in the two age groups was similar, the fetal vessels exhibited twice the increase in [Ca 2ϩ ] i of the adult (23).
These results reflect the age-related difference in physiological, resting BK channel properties and how this may contribute to Ca 2ϩ handling in vascular smooth muscle. Fetal myocytes exhibit higher outward current density when depolarized because of the greater BK channel activity in fetal than in adult SMCs (18) . As shown by others, Ca 2ϩ spark frequency is higher in adult than in neonatal rat myocytes (13) . Additionally, regulation of intracellular stores for Ca 2ϩ release varies between adult and fetal SMCs (24, 27) . Because the arrangement of ryanodine receptor channel and Ca 2ϩ spark frequency directly influence BK channel activity (13, 34) , the lower Ca 2ϩ spark frequency in fetal myocytes may be compensated by an increase in BK channel activity (18) . This increase in fetal BK channel activity may be caused by channel phosphorylation and/or membrane depolarization, both of which we have demonstrated to change during development in the present study. Such increased channel activity may provide an important mechanism for modulation of vascular tone in fetal myocytes, despite a lower level of spark activity.
As we reported previously, the unitary conductance of BK channels in adult and fetal myocytes does not differ significantly (18) . Moreover, on the basis of Western immunoblotting, the expression levels of the ␣-subunit of BK channels in fetal and adult myocytes appear to be similar (data not shown). ] on BK channel V0.5. Ca 2ϩ sensitivity and Ca0 were determined for adult and fetal myocyte BK channels as described in Fig. 1E legend (see Table 2 for linear fit parameters). F: effects of 0 -100 M free Ca 2ϩ on mean BK channel activity at ϩ20 mV from adult and fetal myocytes as described in Fig. 1F legend (see Table 3 for nH and Kd values).
In addition, the number of functional BK channels on adult and fetal inside-out membrane patches of similar area do not differ significantly (18, 19) . Hence, neither the changes in unitary conductance nor the level of channel protein expression appear to contribute to the higher BK channel current density in fetal myocytes. Thus the basis of the different BK channel current density most likely reflects an intrinsic difference in channel activity.
Three intrinsic factors, a lower channel voltage sensitivity, a higher Ca 2ϩ sensitivity, and a lower Ca 0 set point, can contribute to the higher P o of fetal myocytes (8) . Of these three factors, our present findings, for which ovine basilar SMCs were used as a developmental model, indicate that only Ca 0 is modulated and that such modulation is controlled through differential phosphorylation of the channel. How BK channel phosphorylation is differentially controlled during development is probably quite complicated. In addition to activity of different signaling pathways in adult and fetal SMCs, the BK channels in adult and fetal SMCs associate with distinctly different functional ratios of channel-associated phosphatases and kinases (19) .
Ca 0 of BK channels from different SMCs has been reported to range from 5 ϫ 10 Ϫ7 M in guinea pig mesenteric artery (3) to 10 Ϫ6 M in rabbit portal vein (14) and 1.5 ϫ 10 Ϫ6 M in rat pulmonary artery (2) to 9 ϫ 10 Ϫ6 M in hamster cremasteric arteriole (15) . With use of micropatch preparations from ovine basilar artery SMCs, the BK channel Ca 0 was found to be 8.8 and 4.7 ϫ 10 Ϫ6 M in adult and fetus, respectively (18) . In the present study, with use of macropatch preparations from the same tissue, Ca 0 was 11.0 and 5.7 ϫ 10 Ϫ6 M for adult and fetus, respectively. Thus our Ca 0 estimates from macropatch recordings not only correspond to the micropatch values, but they also fit within the higher range reported by others. For fetal myocytes, the lower Ca 0 values imply that, at a given [Ca 2ϩ ] i and voltage, these channels are more activated than those of the adult. We propose that this lower Ca 0 value in the fetus is an adaptation to a lower resting [Ca 2ϩ ] i (1, 12, 18) and to a higher resting membrane potential (10, and present findings) to compensate for greater dependence on extracellular Ca 2ϩ (5, 24) . In ovine cerebral arteries, maturation is associated with decreased Ca 2ϩ release from ryanodine receptor channels (24, 27) . In addition, in neonatal rat basilar SMCs, the ryanodine receptor channels do not act in a synchronized fashion to produce Ca 2ϩ sparks, as in the adult (13). It is not unreasonable to postulate that the lower Ca 0 of fetal ovine myocyte BK channels counters the much less frequent Ca 2ϩ sparks. Thus fetal myocytes may respond to a smaller subplasmalemmal [Ca 2ϩ ] i change than do adult myocytes. In light of this, the lower Ca 0 of fetal BK channels may act as a protective mechanism to govern the membrane potential and vascular reactivity.
Perspectives
We have attempted to integrate the developmental aspects of this study with those of others (5, 13, 18, 19, 23, 24, 27, 33) . Because of clustering and functional coupling of ryanodine receptors, Ca 2ϩ spark frequency and Ca 2ϩ release are greater in the adult SMCs. In fetal myocytes, as a result of the greater degree of BK channel phosphorylation, the BK channels conduct higher outward currents. Furthermore, in fetal SMCs, the greater expression of L-type Ca 2ϩ channels probably results in greater inward Ca 2ϩ current. Thus the tighter functional coupling of fetal SMC BK channels to Ca 2ϩ may compensate for the lower density of ryanodine receptor channels. As an integrated system, these constituents of the fetal SMC modulate closely membrane potential and [Ca 2ϩ ] i , important factors in many SMC signaling pathways.
The present study demonstrates that 1) BK channel Ca 0 in freshly isolated SMCs is significantly lower in the fetus than in the adult, 2) BK channel Ca 0 can be modulated by phosphorylation of the channel, 3) under appropriately controlled conditions, the BK channel Ca 0 may be used as a measure of the extent of BK channel phosphorylation, and 4) phosphorylation plays a key role in modulating BK channel activity in vascular smooth muscle during development. The Ca 2ϩ sensitivity and/or Ca 0 of BK channels may vary among different vascular tissues as a result of any of several individual factors or combination of factors, including channel splice variation, differential phosphorylation, ␤-subunit expression, and redox state. In the specific case of the developing ovine basilar artery, however, the state of BK channel phosphorylation plays a major role in determining the affinity of the channel for Ca 2ϩ (i.e., Ca 0 and K d ).
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